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L_= U.S. Department of Energy
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The basic tank structure consists of a carbon steel liner covered with a reinforced concrete shell
that completely encases the steel liner and extends continuously above the liner wall to form a
dome cover over the tank. Between the steel liner and concrete shell is a 3/8 inch

(0.95 centimeter) thick asphalt membrane that serves as a waterproofing layer. The 100-Series
tanks and 200-Series tanks are situated entirely below ground surface (bgs), with approximately
7 and 11 ft (2.0 and 3.4 m) of backfill covering the concrete tank dome respectively.

Infrastructure within the tank farm consists of buried waste transfer lines, instrument and
electrical lines, abandc :d water lines, and concrete structures associated wi  valve pits and
diversion boxes.

The backfill that covers the SSTs came from screened (i.e., large stones removed), excavated soil
material. The heavy equipment that was used for excavation and for completing the tank
construction is thought to have produced a compaction layer under and around each tank. The
backfill between and over the tanks is relatively homogeneous compared with the undisturbed
soil under the tanks.

The U Tank Farm 100-Series tanks were constructed in four cascades each consisting of a three-
tank casce :series. Each successive tank in the cascade series is sited at a lower elevation that
allowed gravity flow of | 1 between tanks. Each tank is surrounded by several drywells in

v ich radiometric instruments are used to detect changes in activity levels in the sediments
surrounding the borehole (RPP-7580, Historical Vadose Zone Contamination from U Farm
Operations). U Tank Farm has 59 of these leak detection drywells, completed between 1944 and
1979, ranging in depth between 80 and 150 ft (24.0 and 45.7 m) bgs. These drywells served as
both primary and secondary leak detection devices. In addition, a number of groundwater
monitoring wells are located in the U Tank Farm area. The FY2006 geophysical survey
completed measurements on drywells and groundwater wells within and surrounding the
perimeter of U Tank Farm (RPP-RPT-31557). The current FY2013 geophysical survey used
drywells (vadose zone wells) only.

22  OPERATIONAL HISTOR

Unintention:  dis ses in or near U Tank Farm and intentional discharges to ground near
U Tank Farm have occurred through waste management operations (RPP-7580; RPP-15808).
Unintentional discharges in or near the U Tank Farm include the following.

e In 1950, during construction at diversion boxes 241-U-151 and 241-U-152, a leak
occurred whose source and volume were unspecified (UPR-200-W 6).

o In 1953, metal waste spray was ejected from ariser in the. +-UR vault created by a
violent chemical reaction in the vault (UPR-200-W-24). The contamination spread to the
southeast covering the eastern half of the tank farm.

e In 1956, two events occurred. Five hundred gallons (1,900 liters) of metal waste
overflowed from the 241-UR-151 diversion box at the northeast corner of U Tank Farm
(UPR-200-W-132), and tank U-104 leaked an estimated 55,000 gallons (208,000 liters)
of metal waste (UPR-200-UW-155).

o Tank U-101 was reported to have leaked 30,000 gallons (114,000 liters) of reduction
oxidation (REDOX) high-level waste in 1959 (UPR-200-W-154). Drywell monitoring
data around tank U-101 do not support a tank leak of this volume.
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Tank U-110 was reported to have leaked 8,000 gallons (31,000 liters) of REDOX coating
waste in 1969.

Tank U-112 was reported to have leaked 10,000 gallons (38,000 liters) of REDOX
high-level waste in 1975.

In 1971, an inadvertent cut in an underground waste line near tank U-103 resulted in
minor contamination (UPR-200-W-128).

Tank U-104 was reported to have leaked 55,000 gallons (208,000 liters) of uranium-rich
metal waste in the early 1950s. Subsequent drywell logging showed spectral gamma
uranium activity that extended to the south and southwest of tank U-104. The uranium
plume is between 52 ft (16 m) and 92 ft (28 m) bgs and extends in an oval shape oriented
toward the south-southwest with a major axis of about 225 ft (69 m) and a minor axis of
about 100 ft (30

Intentional disch  es to ground near U Tank Farm include the following (RPP-7580;
RPP-15808).

Wastewater from the 283-W water treatment plant, 284-W powerhouse, 2723-W mask
cleaning station, and 2724-W laundry facility was discharged to the 216-U-14 ditch.
Laundry discharges ended in 1981; discharges from the powerhouse ended in 1984.

Cooling water, steam condensate, floor drainage from the 231-Z Plutonium Isolation
Building, Plutonium Finishing Plant storm water runoff and chemical sewer waste were
discharged to U Pond via the 216-Z-1D ditch. The volume of water discharged to the
ditch was not recorded but is estimated at approximately 211 million gallons

(800 million liters) per year.

Cooling water and cell drainage from the tri-butyl phosphate, uranium trioxide (UO3),
and UP ts were discharged to the 216-U-14 ditch. This increased flow through the

tch from approximately 290 million gallons (1.1 billion liters) per year to over 2 billion
gallons (8 billion liters) per year. After 1958, when U Plant was shut down, the UO3
plant continued to process waste from the REDOX and Plutonium-Uranium Extraction
(PUREX) Plants and discharge cooling water and chemical sewer waste to the
216-U-14 ditch, but the volume of discharge was reduced from over 2 billion gallons
(8 billion liters) per year to approximately 530 million gallons (2 billion liters) per year.

Beginning in 1956, increased plutonium production of the REDOX plant increased
wastewater discharges to the 216-Z-1D ditch from 211 million gallons (800 million liters)
per year to approximately 1 billion gallons (4 billion liters) per year.

In 1954, the tank U-110/U-111/U-112 cascade was filled with combined REDOX
high-level and coating waste. Because the waste was self-boiling a reflux condenser was
added to tank U-110 and tank condensate was transferred to the 216-U-3 French drain
(identified as the 216-U-3 crib) until the tanks stopped boiling. In 1954 and 1955, about
208,000 gallons (790,000 liters) were discharged to this facility.

Wastewater discharges from the 231-Z building ended  1957. In 1959, an unknown
amount of plutonium and americium was inadvertently released from 231-Z in the
216-Z-1D ditch.
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the FY2013 survey line between 820 and 984 ft (250 and 300 m) along the line that potentially
represent near-surface infrastructure within the tank farm. These targets do not present
conductive responses in similar locations on the FY2006 survey line.

A large conductive target at depth is present in each of the survey lines, located at approximately
591 and 968 ft (180 and 295 m) along the line for the FY2006 and FY2013 surveys respectively.
The FY2006 survey line target is located at a depth of approximately 98 ft (30 m) bgs (577.4 ft
[176 m] amsl), and appears to extend down to the groundwater table. The location along the line
for this target correlates well to the position of the French drain on the as built computer-aided
design (CAD) drawings for U Tank Farm. Potentially, this target could reflect the increased soil
moisture and ionic concentrations resulting from releases to this drain from the associated
building septic system. The FY2013 survey line target appears more conductive, is located
between a depth of approximately 59 and 131 ft (18 and 40 m) bgs (between 616.8 and 544.6 ft
[188 and 166 n amsl). This target again appears to extend to the groundwater table, although
the conductivity decreases and the target appears more diffuse (most likely a result of the
decreasing resolution with depth). The location along the line for this target correlates well to
the building associated with the septic system from the previous conductive target in the FY2006
survey line. However, it is more likely, based on the line location on the northern edge of the 3D
survey inversion model domain, to be a response to the conductive region below the storage tank
level observed in the 3D modeling results. The depths of the target in the 2D line corresponds
well to those observed in the 3D survey, namely between approximately 82 and 138 ft (25 and 42
m) bgs (between 593.8 and 538.1 ft [181 and 164 m] amsl).

4.1.2 East Survey Lines

The inversion model results for the East line surveys are shown in Figure 26, the FY2006 survey
line is offset to align with the FY2013 survey line. Picks from the GPR site clearance survey are
included for both lines.

The FY2013 model results display two obvious conductive targets, centered on 541 ft (165 m)
and located between 722 and 902 ft (220 and 275 m) along the survey line respectively. These
two targets aligned well with the location along the line and depth below surface of two
conductive targets in the FY2006 survey line. The FY2006 targets are centered on 410 ft (125
m) and located between 591 and 738 ft (180 and 225 m) along the survey line. Both of these
targets are associated with locations of significant amounts of infrastructure on the as-built CAD
drawings, with the GPR picks confirming the presence of near-surface infrastructure. The depths
of these targets. ranging between 23 and 49 ft (7 and 15 m) bgs (between 652.9 and 626.6 ft [199
and 191 m] am  appear deep for the majority of typical infrastructure. However, significant
amounts of me!  ic infrastructure can interfere with electrical resistivity measurements, for
example the pole-pole array results for the FY2006 survey display a broad target centered on 410
ft (125 m) along the survey line which extends to the depth limit of the model.
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The color scale uses warmer hues to represent more resistive regions and cooler hues to represent
less resistive regions. The color scale range was chosen to be similar to that used for previous
SGE projects from differing areas at the Hanford site. As highlighted in Figure 25, since the

U Tank Farm modeled resistivity values are generally less resistive some of the warmer colors
(reds and browns), representing resistive values, are not utilized in the slices.

The slice at 6.6 ft (2 m) bgs (669.3 ft [204 m] amsl) in Figure 25 and Figure 25, slightly above
the top of the storage tanks (at approximately 7.2 ft [2.2 m] bgs [668.6 ft 203.8 m] amsl),
displays relatively resistive values across the tank farm, taken to be representative of the farm
background (backfill in this case). A number of conductive targets are observed; notably along
the west edge of the inversion model and in proximity to the 200-Series tanks; extending
between tanks U-109 and U-112, and U-110 and U-111; and extending to the north-west from
tank U-106. A number of these targets approximate to linear in shape with resistivity values <3
ohm-m (log resistivity values <0.5) and potentially represent subsurface infrastructure
(pipelines for example) above or at the tank level. In addition, many of these targets are located
in areas with a high density of linear interpretations identified in the FY2012 ground penetrating
radar site clearance survey (Figure 27), for example around storage tank U-106 and in the
vicinity of the 200-Series storage tanks. Geophysical logging data from dry wells around tank
U-110 display an elevated gamma signature around this depth (3.9 ft [1.2 m] bgs [671.9 ft [204.8
m] amsl]). In particular, dry wells 60-11-03 and 60-11-12 display the only in-farm cobalt-60 and
europium-154 signatures at this depth. Although not directly related to the resistivity data, the
gamma logging can qualitatively indicate regions of past releases for ionic constituents.

The conductive target between tanks U-110 and U-111 correlates well to the elevated gamma
signatures in this area and potentially represents a merged response from subsurface
infrastructure and increased ionic concentrations related to a release. In addition, this target
agrees well with a similarly located conductive target observed in the well-to-well inversion
model. The slice at 23 ft (7 m) bgs (652.9 ft [199 m] amsl) in Figure 27, is about midway
between the top and base of the 100-Series tanks, and approximately 11.5 ft (3.5 m) below the
top of the 200-Series tanks. Numerous conductive targets can be observed in this depth slice,
many of these anomalies approximate to linear in shape with resistivity values <3 ohm-m (log;o
resistivity values <0.5) and potentially represent subsurface infrastructure. The majority of the
targets in this slice are observed extending between storage tanks, notably the targets between
the 200-Series tanks, or are associated with the locations of the diversion boxes adjacent to tanks
U-101, U-104, and U-107. There are regions to the south of tank U-110 and between tanks U-
101, U-102, U-104, and U-105 where these targets appear less conductive and potentially are not
associated with metallic infrastructure. Geophysical logging indicates an elevated gamma
signature in a dry well to the south of tank U-110, between depths of approximately 11.5 and
55.8 ft (3.5 and 17 m) bgs (between 664.4 and 620.1 ft [202.5 and 189 m] amsl). These regions
of lower conductivity anomalies could be indicative of a response to increased ionic
concentrations related to a release or a more diffuse response from infrastructure.

Potential infrastructure responses continue to dominate the slice at 39.4 ft (12 m) bgs (636.5 ft
[194 m] amsl) in Figure 27. At this depth, which is just slightly below the base of the modeled
tanks, conductive targets are again observed between the 200-Series tanks, below the locations
associated with the diversion boxes, and extending between a number of the 100-Series tanks.
The majority of these targets are located in the same regions as the previous slice, but they
appear more blurred potentially a result of the decreasing resolution with depth resulting in a
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m] amsl). The slice at 210 ft (64 m) bgs (465.9 ft [142 m] amsl), on Figure 28, then shows this
highly conductive region beginning to dissipate, as the values become more resistive.

Electrical resistivity measurements are not sensitive to contaminants such as cesium and
uranium; however it has been shown that conductive salts and nitrates present in the liquid waste
releases can be associated with radioactive contaminants of concern. Increased levels of
salts/nitrates in the ground will result in high conductivity (low resistivity) anomalies. The
results of the U Tank Farm resistivity modeling clearly show a very conductive target residing
below the tanks. This target could result from an increase in soil moisture at depth, although the
low resistivity values, between 1 and 3 ohm-m, would tend to indicate a high percentage of ionic
constituents present. There is little corroborating information in the gamma logging to support a
release at these depths, although it is possible that the more mobile ionic constituents could
potentially have migrated deeper than the less mobile radioactive isotopes. There is little
indication of residual tank waste in the sediments analyzed to a maximum depth of
approximately 100 ft (30 m) bgs (577.4 ft [176 m] amsl), and sufficient recharge was likely to
have occurred to drive the bulk of the contamination deeper into the vadose zone (PNNL-17163).
Possible influence of the a priori storage tank infrastructure was ruled out through testing the
initial st ngparan ers ass _ ed to the tanks in the inverse  del. The conductive target
appeared insensitive to changes in the starting resistivity of the a priori storage tanks.

Figure 29, Figure 30, and Figure 31 display three-dimensional renderings of the low resistivity
features around the tanks in U Tank Farm. Figure 29 shows the isometric view of the tank farm,
as viewed from the southeast (looking towards the northwest). Two levels of resistivity
magnitude are presented, with the small opaque resistivity body in dark blue (resistivity value of
0.5 ohm-m) and the larger transparent resistivity body in light blue (resistivity value of

1 ohm-m). The main region of interest in the figure is the low resistivity feature beneath storage
tanks U-104, U-105, U-106, U-107, U-108, and U-109. This feature represents a significant low
resistivity anomaly within the U Tank Farm. However, these features, as modeled by
RES3DINVx64, are likely represented larger than actual extent due to the smoothing process
smearing information from the a priori tanks with any waste plume feature. Figure 31 shows a
vertical profile view, from the south, with a dotted line representing the boundary of the Cold
Creek geologic unit. This boundary is relatively close to the lower boundary of the conductive
anomaly, and could be a potential controlling factor on the movement of constituents that are
contributing to the anomaly.
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